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Abstract—The relative degree of juvenile hormone binding to various subcellular
fractions of larvae of the Indian meal moth, Plodia interpunctella, was studied by
u.v, difference spectroscopy. Difference absorbance changes at 280 nm due to
binding of the hormone to protein(s) were obtained in six particulate fractions
from a sucrose density gradient and in the supernatant and microsomal fractions.
A low-density, particulate fraction primarily containing membrane fragments,
electron dense bodies (200 nm), and RNA was most active in binding the hormone.

INTRODUCTION

THE sITE of juvenile hormone (JH) action at the cellular and subcellular levels is
not known though evidence exists that the hormone interacts directly on the cell
nucleus and thus effects regulation of transcription (SLama, 1971), or translation
of genetic information (ILaN et al, 1970). This interaction may also involve
alterations in the permeability of cell and nuclear membranes (KROEGER, 1968;
Baumann, 1969; WicGLEswoRTH, 1969). WiLL1aMs and KaraTos (1971) suggested
that JH may also act indirectly by interaction with other subcellular components.

To elucidate the mechanism of action of JH, we need information concerning
the initial interaction of the hormone with cellular and subcellular components of
insect tissue and the characteristics of such an interaction. Also, as a regulator of
growth and development, JH may have multiple sites of action for each of its
major physiological effects as with certain steroids (‘Tara, 1970) or may have a
single site of action leading to all the different events. For example, JH was
recently reported to directly affect mitochondrial metabolism in the Indian meal
moth, Plodia interpunctella (Hiibner) (FIRSTENBERG and SILHACEK, 1973). Also,
ScHMIALEK (1973) reported the binding of a radiolabelled analogue of JH by a
ribonucleoprotein receptor in epidermal tissue of pupal Tenebrio molitor L., though
the possible function of the receptor was not described. In addition, studies of the
mechanism of action of steroid hormones by Lisk (1971) demonstrated that the
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initial biochemical responses of target tissue are effected by binding to specific
receptors that have a high affinity for the hormones. Theoretically, therefore, the
primary sites of action of JH could be determined by the relative binding affinity
of subcellular fractions of insect tissue for the hormone; and difference spectroscopy
has been effectively used to follow changes in molecular conformation caused by
the binding of certain olfactory and gustatory stimulants by isolated, biologically
active macromolecules (DastoL1 and Prick, 1966; AsH and SKOGEN, 1970; NORRIS
et al., 1971; FErkovIcH et al., 1973). We thus used the technique of difference
spectroscopy to study the binding of JH by subcellular fractions of the Indian
meal moth.
MATERIALS AND METHODS

Subcellular fractionation of Plodia larvae

Larvae were reared on a defined diet with a controlled temperature and r.h.
as described by SiLHACEK and MILLER (1972).

Eleven-day-old, fifth instar larvae (7 mg average wt./larva) were fractionated
according to a centrifugation procedure patterned after NORris et al. (1971).
Briefly, 0-5 g of fifth instar larvae were homogenized in 5 ml of 0-5 M sucrose in
0-05 M Tris-HCI, pH 7-5, and centrifuged at 20,000 g for 45 min. The superna-
tant (soluble proteins and microsomes) was decanted and saved. The pellet was
resuspended in 5 ml of 0-8 M sucrose and layered on a discontinuous gradient
composed of 2:5 ml each of 1-0, 1-2, 1-5, and 1-8 M sucrose buffered with Tris—
HCI, pH 7-5. After centrifugation at 90,000 g (R max) for 2 hr, the fractions were
collected, diluted to 50 ml with Tris-HCI buffer, and centrifuged at 90,000 g (R max)
for 1 hr. The resultant pellets were each resuspended in 4 ml of buffer.

Nucleic acid and protein analyses

The protein content of each fraction was measured by the method of Lowry
et al. (1951).

Certain fractions were extracted according to ZAMENHOF et al. (1964), and the
content of DNA and RNA was determined as described by CeriorTI (1952, 1955).

Electron microscopy

For ultrastructural identification of the fractions, another set of pellets was
prepared in the same manner as described. However, these pellets were fixed in
4-0%, glutaraldehyde and then in 1-09%, osmium tetraoxide (in phosphate buffer pH
7-2), dehydrated through graded acetone solution, and embedded in Eponaraldite
(MOLLENHAUR, 1964). The sections were then stained with uranyl acetate and lead
citrate (VENABLE and COGGESHALL, 1965) and examined in an electron microscope.

Spectrophotometric analysts

Binding of JH was measured spectrophotometrically as described by Ferko-
VICH et al. (1973). The difference absorbance induced at 280 nm upon addition
of the hormone to each fraction of the homogenate was recorded by using a Gilford
model 2000 single-beam recording photometer coupled to a Beckman D.U. mono-
chromator. Baselines (zero absorbance) were attained by electronically negating
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the absorbance of the fraction and the hormone with the absorbance control system
(total absorbance negated was less than 2:0 A units). Full-scale sensitivity of the
recording system was set at 0 to 0-5 A, and the temperature of the cell compartment
was held by thermostat at 20°C. The difference absorption change was measured
at 280 nm because the region 278 to 281 nm is characteristically the maximum peak
area for proteins (HErskovits, 1967).

Stock solutions of a mixture of isomers of Cecropta juvenile hormone (methyl
10,11-epoxy-ethyl-3,11-dimethyl-2,6-tridecadienoate) (Hoffmann-La Roche) were
either prepared by dispersion in double-distilled water by sonication according
to FErrOVICH et al. (1973) or by dissolving the JH in absolute ethanol so that 25ul
of the sonicated solution or 5ul of the ethanolic solution, when mixed with Tris—
HCI1 buffer, pH 7-5, resulted in a concentration of 5x 10— M JH.

Characterization of reactant materials

To determine whether the absorbance changes at 280 nm were due to inter-
action with protein, we heated a preparation at 64°C for 10 to 30 min before addi-
tion of the hormone. In some cases, a preparation was preincubated with the
sulphydryl group inhibitor, N—ethylmaleimide (NEM), in acetone or ethanol at
1x10-3 M for 20 min at 20°C.

RESULTS
Interaction of juvenile hormone with subcellular fractions

The change in absorbance induced by the JH in the predominant subcellular
components identified in each fraction is shown in Table 1. A time-dependent posi-
tive change occurred when JH was added to aliquots of five of the fractions obtained
from the discontinuous density gradient and to the supernatant (soluble proteins
and microsomes). However, the greatest change occurred with fraction F,; less
occurred with fraction F,; that with F, and F; was similar but less than that with

TaBLE I—CHANGE IN DIFFERENCE ABSORBANCE PRODUCED BY ADDING 5x104M JH To
20 pg protein/ml OF EACH FRACTION FROM THE WHOLE LARVAL HOMOGENATE

Subcellular components + A Absorbance
Fraction identified at 280 nm/5 min
F
F, Membrane fragments and vesicles, electron dense bodies 0-104
(200 nm dia.), few small mitochondria
F, Fragments of rough endoplasmic reticulum, few electron 0-074
dense bodies (200 nm dia.), few small mitochondria
F, Fragments of rough endoplasmic reticulum, large 0-059
mitochondria, few lysosomes
F, Nuclear material, large membrane fragments, few 0-053
large mitochondria, possibly Golgi vesicles
F; Large tissue fragments (e.g. muscle and cuticle) 0-037
Supernatant Soluble proteins and microsomes 0-028
Microsomes Microsomes 0-050*

*Negative A A at 280 nm/5 min,
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fractions F, and F,; and the absorbance change with F; was less than that occur-
ring in any other particulate fractions from the density gradient. The absorbance
change associated with the supernatant was less than that obtained with any of the
particulate fractions.

Although JH thus induced a change in absorbance in the supernatant, we did
not know whether JH would produce an absorbance change (bind) in the micro-
somal fraction alone. To determine this, we centrifuged the supernatant at
105,000 g for 2 hr and added the JH to tlie resulting fraction. In this case, the
JH caused a negative change in absorbance (Table 1).

Characterization of reactant materials

The next step was to determine whether the absorbance change at 280 nm
involved an interaction of JH with proteins. We therefore investigated the effects
of the sulphydryl group inhibitor, NEM, and heat on the activity of fractions I,
and F, prepared as previously described. NEM reduced the magnitude of the
change produced by JH to below that produced by acetone in both F, and F,
(Table 2); heating destroyed the activity of both. The analyses for RNA, DNA,

TABLE 2—INHIBITION OF THE JH-INDUCED CHANGE IN ABSORBANCE IN FRACTIONS F,; anp F,
(20 pg protein) DUE TO HEAT TREATMENT OR PREINCUBATION OF THE FRACTION WITH NEM
PRIOR TO ADDITION OF 5x10-* M JH

+ A absorbance

at 280 nm/5 min Treatment

F,

0-095

0-070 10 pl acetone

0-025 10 ul NEM (103 M)

0-000 Boiling water-bath (15 min)
F,

0-085

0-068 10p acetone

0-045 10 pl NEM (10—3 M)

0-000 Boiling water-bath (15 min)

and protein revealed that in fraction F;, the ratios of pg protein/ug RNA and
pg protein/ug DNA were 50 and 100, respectively. The corresponding values for
fraction F, were 30 and 300.

Also, treatment of the microsomal fraction with a sulphydryl group inhibitor
(103 M NEM) or with trypsin (10 pg/ml) at 25°C for 30 min or heating the frac-
tion at 64°C for 30 min destroyed activity.

Finally, we were interested in knowing whether JH would induce an absorbance
change in bovine serum albumin. Since bovine serum albumin was reported to
bind and thus solubilize JH (FIRSTENBERG and SI1LHACEK, 1973; RiDpDIFORD and
Ajami, 1973), any changes produced by JH would be due to JH binding to the
BSA. We found that the addition of JH (5x 10—% M) to 100 and to 125 ug of
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BSA/ml produced time-dependent positive absorbance changes of 0-010 and
0-019/10 min, respectively.

DISCUSSION

Ultraviolet difference spectroscopy has been effectively used to measure binding
of olfactory and gustatory stimulants by functionally active macromolecules
(DastoL1 and Pricg, 1966; AsH and SkoGeN, 1970; Norris et al., 1971; FERKO-
VICH et al., 1973). Although the technique of u.v. difference spectroscopy has been
used to distinguish between enzymatic and non-enzymatic binding (AsH, 1968),
we did not attempt to make this distinction.

We did detect JH binding in the microsomal and the soluble protein fractions
and in all the particulate fractions from the sucrose density gradient; the greatest
degree was associated with the fraction (F,) that contained membrane-bound
protein and RNA, possibly a ribonucleoprotein. Binding could be prevented by
adding sulphydryl group inhibitors or by heating. ScHmIALEK (1973), too, reported
that a radiolabelled analogue of JH selectively bound to a Triton X-100 solubilized
ribonucleoprotein in epidermal tissue from 7. molitor. Since a protein-modifying
agent was effective in preventing binding in both cases, we suspect that our F,
fraction contained a binding protein similar to that described by SCHMIALEK.

Evidence that the primary site of action of JH is the cell nucleus was reviewed
by SLAma (1971). Our results indicated a relatively low degree of binding in the
fraction containing nuclear material; however, no whole nuclei were evident (the
fraction consisted of smeared nuclear material and large membrane fragments,
likely resulting from disruption of nuclei during the fractionation procedure).

Finally, as one would expect, JH binding was detected in the supernatant
(soluble proteins) and in the microsomal fraction. Proteins that bind and transport
JH (TravtmaNN, 1972; WHiTMORE and GILBERT, 1972; EMMERICH and Hart-
MANN, 1973) and the enzymes (NEMEC, 1972; WHITMORE et al., 1972) that deacti-
vate the hormone in the haemolymph (soluble proteins) have been reported.
TerriERE and Yu (1973) found that microsomal preparations from houseflies,
Musca domestica, metabolized two JH analogues.
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